A structural model of interleukin-8 receptor type β (IL-8R-β) was constructed based on the structure of bacteriorhodopsin. High temperature molecular dynamics simulations were performed to search the possible conformations of loop regions in IL-8R-β which recognize the ligand. The crystal structure of interleukin 8 (IL-8) was used as a geometric constraint of the extracellular loop regions of IL-8R-β in the conformational search. 500 complex structures were extracted from the dynamics trajectory and five plausible models were selected based on the binding energy and known experimental data. To study further the interaction between IL-8R-β and its ligands, the complex of IL-8R-β and platelet factor 4 (PF4) C-terminal peptide was also modeled by molecular dynamics simulations. From these models, the N-terminus, extracellular domain 3 and extracellular domain 4 of IL-8R-β were found to be important for ligand binding. Key residues of these regions involved in ligand binding were characterized. These models provide insight into the structural basis of biological activity of IL-8 and PF4 and may guide the design of potential therapeutic agents targeting IL-8 receptors. Furthermore, the approach developed from this study may have implications for the understanding of other chemokine receptor-ligand interactions that have been recently suggested to be involved in HIV infection.
Introduction
Chemokines are a family of proteins involved in the recruitment and activation of leukocytes in inflammatory diseases. There are two major classes of chemokines: CXC (α) and CC (β). Interleukin 8 (IL-8), one of the CXC chemokines, is a potent neutrophil chemoattractant which is expressed by many cell types in response to inflammatory stimuli (Hèbert and Baker, 1993) . Some CC chemokines, such as RANTES, MIP-1α and MIP-1β, were recently found to be involved in HIV-1 infection (Deng et al., 1996; Dragic et al., 1996) . Two human IL-8 receptors were cloned and characterized, designated type α (IL-8R-α) and type β (IL-8R-β) receptors, respectively (Holmes et al., 1991, Murphy and Tiffany, 1991) . Both IL-8 receptors belong to the superfamily of G-protein coupled receptors (GPCRs) that possess seven transmembrane helices (Murphy and Tiffany, 1991) .
Human platelet factor 4 (PF4), which is secreted by stimulated platelets, has a number of biological activities, including neutrophil activation, heparin neutralization and prevention of immunosuppression. Like IL-8, PF4 also belongs to the family of chemokines and has a remarkable homology with IL-8 (Yan et al., 1994) . IL-8 and PF4 share some biological activities, such as suppression of myeloid progenitor proliferation (Maione et al., 1990) . More importantly, a peptide comprising the C-terminal residues (58-70) of PF4 is recognized by IL-8R-β, even though native PF4 cannot bind the IL-8 receptor (Yan et al., 1994) .
The structures of human IL-8 (Baldwin et al., 1992) and human PF4 have been determined by Xray crystallography. In the crystallographic structure, the Cterminus of PF4 forms an α helical structure. However, the three dimensional (3D) structure of the peptide which contains the sequence of the PF4 C-terminus (58-70) is still unknown. In this study, circular dichroism (CD) spectroscopy has been used to determine the solution conformation of the PF4 Cterminal peptide that binds to IL-8R-β.
Currently no crystal structure is available for the IL-8 receptors or any other GPCR proteins (Kobilka, 1992; Strader et al., 1994) . However, the structure of the seven transmembrane helices in a similar protein, bacteriorhodopsin (bR), has been determined by electron microscopy (Henderson et al., 1990) . Many members of the GPCR superfamily have been modeled based on the structure of the transmembrane segments (TMs) of bR (Kontoyianni and Lybrand, 1993; Strader et al., 1994) . In this study the structure of TMs of bR is also used as a template to model the structure of the TMs of IL-8R-β. As to the extracellular loop regions of IL-8R-β, we hypothesize that they may be important for ligand binding since these regions in IL-8R-α are known to be involved in IL-8 binding (Leong et al., 1994; Suzuki et al., 1994) . Molecular dynamics simulations were performed to search the possible conformations of the extracellular loop regions of IL-8R-β. Based on the principle of the complementarity between a receptor and its ligand, the crystal structure of IL-8 was used as a geometric constraint in the search of plausible conformations of the extracellular domains (ECDs) of IL-8R-β. The consequent structures were complexes of IL-8R-β and IL-8. In addition, on the basis of CD studies of the PF4 C-terminal peptide and the modeling result of the IL-8 and IL-8R-β complex, a model for the PF4 C-terminal peptide bound to IL-8R-β was also proposed.
The proposed structural models of IL-8R-β may guide rational drug design studies. Based on the receptor-ligand complex models, small molecule antagonists of IL-8 may be designed as potent anti-inflammatory agents. In addition, the IL-8 receptor can be a potential target for antipsoriatic therapy (Kemeny et al., 1994) . Furthermore, several chemokines and their receptors were recently found to be involved in HIV-1 infection (Deng et al., 1996; Dragic et al., 1996) . As these chemokines share a similar structure with IL-8 at physiological concentrations (Wells et al., 1996) , their receptor-ligand interactions may also be analogous to that of the IL-8 receptorligand complex. Therefore, similar methods could be used to model these chemokine receptor-ligand complexes, which may have implications for developing effective therapeutic strategies against HIV.
Method

CD studies of the PF4 C-terminal peptide
The solution conformation of the PF4 C-terminal peptide was investigated using CD spectroscopy. All CD spectra were recorded at 5°C using a Jasco J710 circular dichroism spectrometer with a 0.1 cm pathlength quartz curette. A 20 µM peptide solution was prepared in 3 mM sodium citrate, 3 mM sodium phosphate, 3 mM sodium borate buffer at pH 6.11. A solution was also prepared in the presence of 40 mM SDS which is well above the critical micelle concentration.
General computational methods
All computer simulations were performed on a Silicon Graphics Indigo 2 workstation. Energy minimization and molecular dynamics were carried out with the molecular modeling package SYBYL (Tripos Associates Inc., St Louis, MO) and InsightII/Discover (Biosym Technologies Inc., San Diego, CA). All hydrogen atoms were included in the calculations. The potential energy of the molecular system was expressed by the Consistent Valence Forcefield (CVFF2.30) implemented in Discover 2.95. To approximate the solvation, calculations were carried out with a distance dependent dielectric constant. Molecular dynamics simulation and energy minimization were carried out using the Biosym Discover package with a nonbond cut-off of 12 Å and a non-bond pair list updated width of 1 Å. The canonical ensemble and default temperature control method (velocity scaling in equilibration stage and Berendsen's temperature bath coupling in data collection phase) were used in the calculation. Molecular modeling of IL-8R-β Transmembrane segments. The assignment of the TMs of IL-8R-β was based on results published by others (Leong et al., 1994) . The sequence of the TMs of IL-8R-β was aligned manually with that of bR. After the alignment, a model of the TMs was built. The hydrophobic surfaces of the TMs were then examined using the SYBYL program. Because the TMs are buried in membranes, the hydrophobic residues of each helix is believed to be arranged to face the membrane while the hydrophilic residues face the core of the TMs. Based on this hypothesis, we adjusted the alignment according to the hydrophilic residues in the model. The re-alignment of the TMs changed the orientation of the hydrophilic residues away from the membrane. A new model of the TMs was then built using the adjusted alignment. This procedure was repeated until a final model was obtained in which almost all of the hydrophilic residues of the TMs are away from the membrane.
Loops and N-terminus. There are four extracellular domains and four intracellular domains in IL-8R-β. Among these domains, there are six loop regions. For these loops, the structures were built by a loop conformational search program (SYBYL/Biopolymer). In addition to the loops, there are two flexible long segments in the N-and C-termini which do not have any conformational constraint. The N-terminus is an extracellular domain and a major determinant of the receptor subtype specificity (Suzuki et al., 1994) , whereas the Cterminus is a cytoplasmic segment, and offers no contribution to the ligand binding. Therefore, only the N-terminus was included in the model building. The initial coordinates of the N-terminus were built as an extended peptide chain conformation.
Result
Structural models of the complex between IL-8 and IL-8R-β
To dock IL-8 into its receptor IL-8R-β, the crystal structure of IL-8 was placed on top of the extracellular domains of IL-8R-β. This initial structure of the complex was extensively energy-minimized and then subjected to molecular dynamics simulation. A high temperature (900 K) and a long simulation time (1 ns) were used. Also during the dynamics simulation, the transmembrane core helices were fixed, and the conformation of IL-8 was constrained in order to maintain its X-ray crystal structure. These procedures were used in order to search more effectively the conformations of the extracellular loops of IL-8R-β which are important for ligand binding. 500 structures of the IL-8 and IL-8R-β complex were extracted from the molecular dynamics trajectory at a time interval of every 2 ps. All structures were energy-minimized, and the interaction energy (binding energy) between IL-8 and IL-8R-β was calculated for each energy-minimized structure ( Figure 1 ). These structures were clustered into about 100 conformational families based on their backbone structural similarities. A representative structure for each family was analyzed according to the known mutation data and binding energy. Five structures (models I-V) were finally selected as possible models for the complex, including the structure with the most favorable binding energy (model V) (Figure 2 ). In all five models, the IL-8 molecule covers its receptor like a lip, and only the residues involved in hydrogen bond formation are different. Hydrogen bond formation between IL-8 and IL-8R-β was observed in all of these models. Most residues involved in hydrogen bond formation lie on the C-terminal helix and N-terminus of IL-8, and the N-terminus, ECD3 and ECD4 of IL-8R-β. The N-terminus of IL-8R-β binds to the N-terminus of IL-8, while the ECD3 and ECD4 of IL-8R-β bind the C-terminal helix of IL-8. These results are in agreement with available experimental data (LaRosa et al., 1992; Gayle III et al., 1993; Leong et al., 1994) . A plausible structure of the IL-8 and IL-8R-β complex with the most favorable binding energy. This model was extracted from the dynamics simulation and then extensively minimized. Among 500 structures extracted from the simulation trajectory, this model has the most favorable binding energy between IL-8 and its receptor. The N-terminus, ECD3 and ECD4 domains of IL-8R-β are shown in green, blue and cyan, respectively, while the transmembrane helices of IL-8R-β were shown in yellow and IL-8 in red. The N-terminus, ECD3 and ECD4 in IL-8R-β have direct interaction with IL-8 in the complex model. The figure was generated by using the MOLSCRIPT program (Kraulis, 1991) .
The solution conformation of the PF4 C-terminal peptide
The CD spectra of the PF4 C-terminal peptide appeared to be that of a random coil in aqueous solution, which changed in the presence of SDS to a mixture of helix and random coil (Figure 3 ). This suggests that the PF4 C-terminal peptide is an inducible amphiphilic helix. As SDS may simulate the environment of the cellular membrane, we suggest that the PF4 C-terminal peptide forms an amphiphilic helix when it is bound to IL-8R-β. These results are consistent with earlier studies of Kaiser et al. (1993) , who suggested that amphiphilic secondary structures, such as α helices, were found in many medium-sized peptides acting at membranes Lau et al., 1983) .
Structural models of the complex between the PF4 Cterminal peptide and IL-8R-β
As discussed above, we proposed that the PF4 C-terminal peptide forms an amphiphilic α helical structure when it is bound to the IL-8R-β. In the crystal structure of PF4, the Cterminus is also an amphiphilic α helix, thus the crystal coordinates were used as the initial structure of the PF4 Cterminal peptide. In an initial molecular dynamics simulation for the complex of the PF4 C-terminal peptide and IL-8R-β at a high temperature (900 K), the two molecules were found to move away from each other instead of binding together. Therefore, a lower temperature (600 K) was used in the dynamics simulations. However, in simulations at lower temperatures, the search of conformational space is less efficient. To overcome this problem, three different initial structures Figure 3 . CD spectra of the PF4 C-terminal peptide. A 20 µM peptide solution was prepared in 3 mM sodium citrate, 3 mM sodium phosphate, 3 mM sodium borate buffer at pH 6.11. A solution was also prepared in the presence of 40 mM SDS which is well above the critical micelle concentration. From the CD spectra, the conformation of the PF4 C-terminal peptide appears to be a random coil in aqueous solution, which changes in the presence of SDS to a mixture of helix and random coil. Therefore, we suggest that the PF4 C-terminal peptide is an inducible amphiphilic helix and may adopt a helical structure when bound to the membrane receptor.
were used in the simulation and three different sets of simulations were performed independently. The initial structure of the first set was based on the complex model of IL-8 and IL-8R-β. At first, the crystal structure of PF4 was superimposed on the IL-8 in the complex structure of IL-8 and IL-8R-β, then the coordinates of the PF4 C-terminus and IL-8R-β were extracted. The initial structure was subjected to molecular dynamics simulation for 200 ps. The initial structures of the second and third sets were built based on our proposal that the PF4 C-terminal peptide bound to IL-8R-β by its amphiphilic nature. The initial structure of the second set was built by placing the hydrophobic surface of the PF4 C-terminal peptide towards IL-8R-β, while the third one was built by placing the hydrophilic surface towards the receptor. Molecular dynamics simulations were then performed independently with these two different initial structures for 200 ps.
For each of these three sets of simulations, 200 structures were extracted for the interval of 1 ps from the dynamics trajectory. Then the binding energy for each of these 200 structures was calculated. By comparing the overall average binding energy of the different simulation sets (Figure 4 ), the amphiphilic model in which the hydrophilic surface of PF4 C-terminal peptide faced the receptor (Set II) had the most favorable binding energy, while the structure based on IL-8 and IL-8R-β (Set I) was found to have the most unfavorable binding energies.
For each of these three sets, four conformational families were obtained and one representative structure from each family was selected to be analyzed further. For all four models from the first simulation set, only one end of the helix in the peptide was found to interact with the receptor, while another end was exposed to solvent. In addition, few or no hydrogen bonds formed between the peptide and the receptor. The peptide almost adopted the same orientation as in the complex model of IL-8 and IL-8R-β, but there was not enough inter- Binding energy of the PF4 C-terminal peptide and IL-8R-β. The simulation was performed at 600 K. Three different sets of simulation were conducted independently for the complex. In each set of simulation, only the initial structure of the simulation was different. The initial structure of the first set was based on the complex model of IL-8 and IL-8R-β. The initial structures of the second and the third sets were built based on the hypothesis that the PF4 C-terminal peptide bound to IL-8R-β by its amphiphilic nature. The initial structure of the PF4 C-terminal peptide has its hydrophobic surface of the helix facing towards IL-8R-β in the second set, and to the opposite of IL-8R-β in the third set. Of all three sets of simulation, the complexes generated from the second set display the most favorable (lowest) binding energy. Four structures, labeled with a cross, were selected as possible models for the complex between the PF4 Cterminal peptide and IL-8R-β. molecular interaction for binding. Furthermore, the binding energy of this set is higher than those of the other two sets. Therefore, the PF4 C-terminal peptide appears to interact with IL-8R-β in a binding mode different from the C-terminus of IL-8.
The second and third simulation sets were based on the proposed amphiphilic structure of the peptide. The difference between these two sets was the orientation of the hydrophobic surface of the peptide. It is interesting to note that in the third simulation trajectory, the hydrophobic surface almost turns over, e.g. the hydrophobic surface switches from facing towards the receptor to the opposite. The structures from the second simulation set in which the initial structure of the peptide has its hydrophilic surface facing towards the receptor have the most favorable binding energy. Consequently, among the three simulation sets, the structures generated from the second set are probably the most plausible models for the complex between PF4 C-terminal peptide and IL-8R-β ( Figure 5) .
Modeling of the PF4 and IL-8R-β complex
It is known that, while the PF4 C-terminal peptide is recognized by IL-8R-β, the PF4 protein itself does not bind IL-8R-β (Yan et al., 1994) . To investigate the structural basis for the lack of IL-8R-β binding activity of the PF4 protein, two independent, parallel molecular dynamic simulations at 900 K were carried out to compare the different interactions of IL-8 and PF4 with their receptors, employing similar simulation procedures ( Figure 6 ). The initial structure for the PF4 and IL-8R-β complex was built based on that of the IL-8 and IL-8R-β complex and energy-minimized before molecular dynamics. To trace the N-terminus interaction between the ligand (IL-8 or PF4) and IL-8R-β in these dynamics simulations, two pseudo-atoms whose coordinates are the average of those of N-terminal atoms were defined for the ligand and the receptor, respectively. The distance between these two pseudo-atoms Two pseudo-atoms whose coordinates are the average of those of Nterminal atoms were defined for the ligand and the receptor, respectively. The distance between these two pseudo-atoms was calculated for each energy minimized structure extracted from the dynamics simulation trajectory, and was used as an indicator of the distance between the Ntermini of the ligand and the receptor. As shown, the N-terminus of IL-8 maintained a favorable interaction with that of its receptor. On the contrary, a lack of such interaction was observed between the N-terminus of PF4 and that of the receptor which may be responsible for the loss of PF4 binding to IL-8R-β. Lys3, Glu4, Leu5, Arg6, His18,Lys20, Lys23, Glu24, Arg26, Lys42, Ser44, Lys64, Phe65, Arg68, Glu70, Asn71, Ser72 PF4 C-terminal peptide Pro58, Lys61, Lys62, Lys65, Lys66, Glu69, Ser70 a The residues that are likely to be involved in receptor-ligand interaction in all models were selected based on the loss in solvent accessible surface area upon ligand-receptor complex formation and the spatial location in the complex. The solvent accessible surface area was calculated by using the ACCESS program provided by F. Cohen of the University of California at San Francisco. The residues with substantial loss in solvent accessible surface area (Ͼ20 Å) upon the formation of ligand-receptor complex were selected. For these selected residues, their spatial locations in the ligand-receptor interface were further examined to obtain the final list of residues as shown here.
was calculated for each energy minimized structure extracted from the dynamics simulation trajectory, and was used as an indicator of the distance between the N-termini of the ligand and the receptor.
Discussion
Structural model of the IL-8 and IL-8R-β complex
In IL-8R-β, the extracellular regions are involved in the binding of IL-8 and other ligands. Molecular dynamics simulations were performed to model these regions. As the loop regions in a protein are generally more flexible than its core structure, a high temperature with a longer time interval was used in the dynamics simulation to search the conformational space of these flexible loops. For the large number of structures extracted from the dynamics trajectory, two criteria were used to select the final models of the complex: one is the binding energy between the receptor and ligand and the other is experimental mutation results. The energy criterion is not absolute, because it is still difficult to obtain a global minimum using current computational techniques. However, the lower energy structures probably represent more reasonable models. Combined with the results of mutation experiments, more reliable models can be selected. Among five models obtained from dynamics simulation, one model has the most favorable binding energy between IL-8 and its receptor (Figure 2 ). In this model, many potential intermolecular hydrogen bonds are found. In IL-8R-β, the residues likely involved in hydrogen bonds are located in the N-terminus (residues Ser3, Ser5, Glu7, Asp8, Ser16, Asn17, Ala32, Glu35), ECD3 (residue Ser184) and ECD4 (residue Ile287) (the sequence number listed according to the human sequence). In IL-8, those residues located in the N-terminus (Glu4), C-terminus (residues Ala69 and Ser72) and others (residues Lys20, Lys23, Leu25, Arg26, Val27, Glu29, His33) may be involved in hydrogen bonds.
In all complex models, the residues in IL-8 found to have potential contact with the receptor are all located in the Nterminus, the region around the first and second β strands (around sequence number 20-40) and the C-terminus of IL-8 (Table I ). In addition, Leu5 in IL-8 is found to interact with Leu28 in IL-8R-β. It is known from mutation experiments that in IL-8, Glu4, Leu5, Arg6 and Ile10 are important for binding (Hèbert et al., 1991) . In our models Glu4 and Leu5 were found to directly interact with the receptor. On the other hand, Ile10 is away from the receptor and thus unlikely to have direct contact with the receptor. Since Ile10 lies in a loop region, it is possible that Ile10 may play an indirect role in the binding of IL-8 to its receptor by maintaining a stable conformation of the loop which orients the N-terminus of IL-8 to interact with the receptor. In addition, several hydrophobic residues (Phe17, Phe21, Ile22, Leu43) around the region of the first and second β-strands were identified in mutation experiments as the second epitope for receptor binding (Williams et al., 1996) , providing another support for our models (Figure 2) . Therefore, our models seem to suggest a structural basis to rationalize the mutation data for IL-8.
As to IL-8R-β, there is no mutation experiment data available. On the other hand, mutation experiments have been carried out for IL-8R-α (Leong et al., 1994) . Because of the high sequence homology (77% sequence identity) between the two receptors (Murphy and Tiffany, 1991) , it may be reasonable to assume that the corresponding residues in both receptors might play similar functional roles. It is known from the mutation experiments that the N-terminus of IL-8R-α is a major determinant of receptor subtype specificity (Suzuki et al., 1994) . In our proposed models, the N-terminus of IL-8R-β appears to be essential for ligand binding and there are many residues of this region involved in the binding of IL-8 (Table I) . These results are consistent with the notion that the N-termini of both IL-8 receptors play an important role in determining the subtype specificity (LaRosa et al., 1992) .
The residues in IL-8R-α important for ligand binding, as suggested by mutation experiments, are Asp11, Glu275 and Arg280 , and Arg199, Arg203 and Asp265 (Leong et al., 1994) . The corresponding residues in IL-8R-β are Lys11, Glu279, Arg284, Arg203, Arg207 and Asp269. Two of these residues, Lys11 and Arg284, are found to be involved in receptor binding in the proposed models, and Glu279 is also found to be near the binding site. The other three residues, Arg203, Arg207 and Asp269, appear to have no direct contact with the receptor in the models. It has been suggested that the chemokine-receptor interaction may involve two distinct binding sites, site one in the ECDs of the receptor as the primary binding site while site two close to the TMs acting as a secondary contact site (Siciliano et al., 1994; Wells et al., 1996) . It is therefore possible that Arg203, Arg207 and Asp269, all of which are located near the TMs, may be involved in a secondary binding event. While the present study is designed to investigate the initial ligand-receptor binding event (or site one interaction according to the above model), further experimental and theoretical studies will be important for defining the potential role of these residues in a subsequent ligand-receptor interaction.
Structural models of the PF4 C-terminal peptide and IL-8R-β complex
The models of the PF4 C-terminal peptide and IL-8R-β complex were built based on structural studies of the peptide and models of the IL-8 and IL-8R-β complex. One set of models is based on the structure of the IL-8 and IL-8R-β complex, the other two sets are based on the amphiphilic nature of the PF4 C-terminal peptide. By comparing the binding energy of three sets of models, the models from the second set were selected as the final models for the complex of the PF4 C-terminal peptide and IL-8R-β. The representative structure with the most favorable binding energy in this set of final models is shown in Figure 5 . In these final models, Lys62 (the sequence number listed according to the human protein), Lys65, Lys66 and GLU69 of the PF4 C-terminal peptide are involved in hydrogen bond formation (Table I ). In IL-8R-β, the residues involved in hydrogen bond formation with the PF4 C-terminal peptide are located in ECD3, ECD4 and the N-terminus (Pro33, Ser184, Asn186, Arg283, Asn285, His286). Among these residues, Ser184, Asn186 and His286 are also found to be involved in binding IL-8. Therefore, it is possible that these three residues are critical for ligand binding. For the PF4 C-terminal peptide, most lysines (three of four lysines) are involved in hydrogen bond formation. Here lysines may play an important role in binding to IL-8R-β. The PF4 Cterminal peptide binding sites in IL-8R-β are similar to those observed in the IL-8 and IL-8R-β complex. These results seem to provide a structural basis to explain the similar biological activity of the PF4 C-terminal peptide as IL-8. In addition, since both the PF4 C-terminal peptide and IL-8 appear to interact with the N-terminus, ECD3 and ECD4 of IL-8R-β, these regions are likely to be the primary ligand recognition sites on IL-8 receptors.
Structural basis for the lack of binding of PF4 to IL-8R-β
The proposed structural models of IL-8R-β may provide a structural basis to explain the lack of IL-8R-β binding activity of the PF4 protein. In the proposed models for IL-8 and IL-8R-β complex, the N-terminus of the ligand interacts with that of the receptor. It has been suggested that the Glu-Leu-Arg triad is an important receptor binding site in the N-terminus of IL-8 (Hèbert et al., 1991) . The positively charged Arg residue in this binding triad presumably forms a favorable electrostatic interaction with the N-terminus of IL-8R-β containing many negatively charged residues. However, the corresponding N-terminal binding triad is Asp-Leu-Gln in PF4. This change of Arg to Gln may lead to the loss of a favorable interaction between PF4 and IL-8R-β. The importance of the positive charge at this site is also indicated by mutation experiments which show that mutant PF4 proteins containing Glu-Leu-Arg, Asp-Leu-Arg, or Glu-Leu-Lys all restore significant IL-8 like neutrophil-activating properties (ClarkLewis et al., 1993; Yan et al., 1994) .
To further investigate the above hypothesis that the lack of interaction between the terminus of PF4 with that of the receptor may contribute to the loss of PF4 binding activity, we carried out two parallel molecular dynamics simulations to compare the conformational behavior of PF4 and IL8 with their receptors, focusing on the N-termini of the ligand and the receptor. As shown in Figure 6 , the N-terminus of IL-8 maintained a favorable interaction with that of its receptor. On the contrary, a lack of such interaction was observed between the N-terminus of PF4 and that of the receptor. These theoretical results are consistent with the experimental data and support the notion that the lack of interaction between the N-termini of PF4 and IL-8R-β may be responsible for the loss of PF4 binding to IL-8R-β. Conclusion Structural models for the complexes of IL-8R-β with IL-8 and the PF4 C-terminal peptide were proposed through molecular dynamics simulations. While these hypothetical models need to be verified and refined by further experimental studies of the receptors and their ligands, in the absence of the experimentally determined 3D structures of IL-8 receptors complexed with their ligands, the proposed structures may suggest starting points to understand the structure-function relationships of IL-8 and PF4 and may guide the design of potential therapeutic agents targeting IL-8 receptors. Furthermore, the results obtained from this study may be relevant for the studies of other chemokine-receptor interactions which are recently found to be involved in HIV infection.
